Abstract: This paper investigates the existence of a threshold level for inflation and how any such level affects the growth of Asian economies. We used dynamic panel threshold growth regression, which allowed us to work with fixed effect and endogeneity issues. We observed a nonlinear relationship between inflation and economic growth for 32 Asian countries over the period 1980-2009. We detected an inflation threshold of approximately 5.43%, at a 1% level of significance. We found that inflation hurts growth when it exceeds 5.43% but has no effect below this level. Different estimation methods determined that the effect of inflation on growth is robust. Our findings may be useful to central banks as a guide for inflation targeting.
Introduction
A sustained high growth rate of output and low inflation are the two main goals of the majority of macroeconomic policies. Price stability is a key factor in determining the growth rate of an economy. Many countries central Bank have adopted to maintain inflation in desirable rate through monetary policy transmission mechanism. Very high inflation affects the economy drastically, but there is some evidence that moderate inflation also slows down growth (Temple [36] cited from Little et al., 1993) . In addition, Aiyagari [1] , as well as Cooley and Hansen [12] , suggest that the cost of lowering inflation toward zero is higher than the benefit.
In recent decades, there has been substantial theoretical and empirical research that investigates the inflation/growth trade-off. The results of existing research have been mixed and studies can be categorized as making one of four possible predictions, based on their findings. The first of these is that inflation has no effect on economic growth (e.g., Dorrance [14] , Sidrauski [34] , Cameron, Hum, and Simpson [10] ). The second is that there is positive relationship between inflation and economic growth (e.g., Tobin [37] , Shi [33] , Mallik and Chowdhury [28] ). The third is that inflation has a negative effect on growth (e.g., Friedman [18] , Stockman [35] , De Gregorio [13], Gylfason ([20] , [21] ), Barro [5] , Andrés and Hernando [2] , Saeed [31] ). In addition, Feldstein [16] notes that "shifting the equilibrium rate of inflation from 2 to 0 percent would cause a perpetual welfare gain equal to about one percent of Gross Domestic Product (GDP) a year."
The last of the four types of studies suggests that the correlation between inflation and growth is nonlinear, and that interaction between these two variables is positive or nonexistent below some critical level, but affects the economy when it exceeds that level.
Fischer [17] was one of the first authors to identify the possibility of such a non-linear relationship. He argued that inflation helps economic growth when it is below a threshold value, but has a negative influence if it is above that threshold level. Sarel [32] demonstrated the existence of point of inflection, which is equal to 8%. Ghosh and Phillips [19] identified a considerably lower threshold effect, at 2.5% inflation rate a year. In 3 contrast, Bruno and Easterly [9] determined that 40% was the "natural" breakeven point between low and high inflation rate for 31 countries. Countries were examined based on their level of inflation crisis during a set period, and the authors demonstrated that high inflation crises lead to sharp decreases in growth rates, which recover when inflation falls.
Khan and Senhadji [25] calculated the threshold as being 1%-3% for industrialized countries and 11%-12% for developing countries. They claimed that inflation impedes economic growth significantly beyond this level but does not have any statistically significant effect below the threshold, even if it is positive. Drukker et al. [15] suggested that 19.16% is the critical threshold for 138 countries (full sample), but that there were two different threshold points, 2.57% and 12.61%, for industrialized countries. Bick [6] concluded that inclusion of difference in intercept regime decreases the threshold from 19% to 12% and doubles the magnitude and marginal effect of inflation on growth. Kremer, Bick, and Nautz [27] found that the threshold level is different for industrialized and developing countries, and stated that target inflation is 2% for developed countries and 17% for developing countries.
Most existing empirical work includes both industrialized and developing countries from different regions in samples. However, Temple [36] has noted that "One should probably be careful about extrapolating findings from one set of countries to another." He suggests that "In general, it would seem best to study inflation's effect within OECD or a sample of relatively similar developing countries and not mix the two." With this in mind, in this study, we consider only Asian countries. 1 Moreover, most of the growth empirics, which seek to identify a threshold level of inflation, are found through approaches that explicitly ignore any potential endogeneity bias (Khan and Senhadji [25] , Bick [6] ). Some empirical literature, however, solves the problem of endogeneity bias by excluding initial income from growth regression (Drukker et al.
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[15]). Hansen [22] has assumed that all variables are exogenous in his panel threshold model. 2 However, with regard to the panel data growth regression, we are uncertain about exogeneity restrictions, because some of the explanatory variables are endogenous by construction, such as initial income. Caselli, Esquivel, and Lefort [11] propose that estimates are inconsistent in cross-country growth regression for two reasons: (i) countryspecific fixed effects and (ii) the inclusion of endogenous variables among explanatory regressor in the model. In our model setup, we have considered these two issues to obtain consistent estimates. Therefore, the issue of endogeneity bias has been reduced in this growth regression. provides an estimation result for the model. Finally, our conclusion and the policy implications of this study are presented in section 5.
Data and Variables
To determine the potential threshold point and estimate the impact of inflation on the Table 1 in appendix A1
for a list of countries and summary statistics). Our dataset covers the period from 1980 to 2009 4 . Table 2 in appendix A1 shows the variables that are used in our growth regression, definition, and data source. This article uses 2-year averages from the data to smooth out business cycle fluctuations, reducing the time dimension from 30 to 15 observations. According to Table 2 (see appendix A1), the average value of the inflation rate over the sample period was 12.6%, which is much lower than that given in some previous growth empirics. 5 Figure 1a (see appendix A2) reveals that the distribution of inflation is asymmetric. Thus, following Sarel [32] and Ghosh and Phillips [19] , we use the log of 3 Khan and Senhadji [25] , Drukker et al. [15] , and Kremer et al. [27] have used unbalanced panel data to analyze the existence of threshold and nature and link between inflation and economic growth for 140, 138, and 124 countries (both industrialized and developing), respectively. Conversely, Bick [6] used balanced panel data for 40 developing countries. 4 Since we want to have a balanced dataset and data in some countries is produced with a lag, we only cover the period until 2009. 5 For example, Kremer et al. [27] computed an average value of inflation of 33.64% for 101 developing countries, while Khan and Senhadji [25] found an average inflation rate of 28.06 % among 140 countries.
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inflation instead of a level. Those authors suggest that log transformation eliminates strong asymmetry in the initial distribution of inflation, at least partially, and provides the best fit among nonlinear models. Our sample includes some negative inflation observations, and we prohibit the use of log of inflation. To deal with negative inflation observations, we use a semi-log transformation, following Khan and Senhadji [25] . The transformation involved is
where ߨ ௧ denotes a continuous function that allows us to take into account both positive and negative inflation observations. Hence, ߨ ௧ is a hybrid function of inflation that is linear for inflation ≤ 1and logarithmic for inflation > 1. Semi-logged transformation implies that the distributions of inflation rates are symmetrical and in line with the normal distribution (see Figure 1b in appendix A2).
Econometric Framework
In this empirical study, we work with a dynamic panel threshold model, which takes the following form:
where ሼ‫ݕ‬ ௧ , ‫ݔ‬ ௧ , ߨ ௧ : 1 ≤ ݅ ≤ ܰ, 1 ≤ ‫ݐ‬ ≤ ܶሽ, and ߝ ௧ is the error term with 0 mean and not serially correlated. The dependent variable ‫ݕ‬ ௧ is the growth rate of real GDP per capita of country i at time t, ߤ is a country-specific fixed effect, ߨ ௧ is a threshold variable that is exogenous and a time variant, ߛ is the threshold level of inflation, and d(.) represents the indicator function, taking on a value of either 1 or 0, depending on whether the threshold variable is less or more than the threshold level. This effectively splits the sample observations into two groups, one with slope ߚ ଵ and another with slope ߚ ଶ . ܺ ௧ is the kdimensional vector of explanatory variables, which can be divided into two parts: (i)
7 predetermined variables, 6 where we assume initial income ‫ݔ(‬ ௧ ଵ = ‫݈ܽ݅ݐ݅݊݅‬ ௧ = ‫ܿ݀݃‬ ௧ିଵ ) to be a predetermined regressor, and (ii) exogenous variables,
, which are uncorrelated with ߝ ௧ .
We have chosen these control variables based on the existing empirical studies that use similar covariates (e.g., Kremer et al. [27] , Bick [6] , Drukker et al. [15] , Khan and Senhadji [25] ).
Elimination of Fixed Effect
In our first stage, we eliminate the country-specific fixed effects ߤ from the model to estimate the slope coefficients and potential threshold point. Nickell [29] and Bond [8] suggest that within-group transformation does not eliminate dynamic panel bias because the transformed lagged dependent variable ‫ݔ(‬ ௧ ଵ * ) negatively correlates with the transformed error term(ߝ ௧ * ) 7 . This motivated us to use another common transformation method called "forward orthogonal deviation," which was proposed by Arellano and Bover [4] . We have applied forward orthogonal deviation transformation to eliminate individual fixed effects.
Therefore, for the error term, the required transformation is given by
where ܿ ௧ = ට with also has no serial correlation. Applying this procedure to equation (2) yields:
where ‫ݐ‬ = 1, … , ܶ − 1 and superscript * denotes data after the transformation. 6 Predetermined variables: The current error term is uncorrelated with the current and past values of the predetermined variable but may be correlated with future values, that is,
example, in our growth model with rational expectations, initial income is predetermined. As such, unpredictable income shock is uncorrelated with past (and potentially current) GDP per capita, but certainly correlated with future GDP per capita. 7 Where ‫ݔ(‬ ௧ 
Dealing with Endogeneity
Structural equation (2) requires a set of suitable instruments to solve the problem of endogeneity. We use lags of initial income as instruments for the predetermined regressor.
For transformed initial income, ‫ݔ(‬ ௧ ଵ * ), we use the untransformed value ‫ݔ‬ ௧ ଵ . As there are no clear guidelines regarding identification restrictions, by following Roodmans' [30] collapsed-form instrument method, we use the following (ܶ − 1) moment condition, in other words employing the entire available set of lags as instruments:
We then estimate the instrumental variable parameter, or 2SLS estimator, through a two-step procedure. In the first step, we construct a reduced-form regression for the endogenous variable, ൫‫ݔ‬ ௧ ଵ * ൯, as a function of the instruments ‫ݖ‬ ௧ and all exogenous variables
where ‫ݒ(ܧ‬ ௧ , ‫ݖ‬ ௧ ) = 0. Then, we compute the reduced-form parameter, ߣ, by the leastsquare method, and the fitted value of endogenous variable, ‫ݔ‬ ො ௧ ଵ * . Following that, we replace ‫ݔ‬ ௧ ଵ * with its fitted value ‫ݔ‬ ො ௧ ଵ * in equation (4), which can be written as
In the second step, we estimate the instrumental variable parameter, ߚ መ ௩ , from equation (6) for any given threshold ߛ. Then, we find the residual sum of square (RSS) as a function of ߛ.
where ܵ is the residual sum of square. 
Computation of Threshold Value and its Impact on Growth
In the third step, the threshold level of inflation is calculated by using the conditional leastsquare method. To estimate the threshold ߛ, we repeat the procedure described above by changing the threshold level of inflation ranging from ߛ ‫ݐ‬ ߛ, with a decimal value of increment. Finally, the threshold value ߛ is selected as the value associated with the smallest RSS. The minimization search takes form as
In practice, the length of inflation may be an unusually large number. If we consider the full length of inflation to search for the optimum threshold level, the optimization search method described above may lead to a numerically intensive process. Hansen [23] suggests narrowing the range of values of inflation by searching for the optimal threshold, which is the region where we expect value to be. In addition, Hansen [22] proposes that this search should be restricted to a smaller set of values of threshold, instead of to the overall values of ߨ ௧ , using a set increment that can be integer-valued. With this in mind, we employ a graphical analysis to determine the range of inflation (see Figure 1b in appendix A2) and optimum threshold level, before minimizing the RSS.
Once the threshold value of ߛ ො is determined, in the second stage, we estimate the slope coefficients (ߚ ଵ and ߚ ଶ ), and the impact of other control variables on growth from structural equation (2) in levels using GMM. 8 In this case, we apply the previously used instruments and previous estimated threshold ߛ ො. We can test whether the threshold level is significant by testing ߚ ଵ = ߚ ଶ , which is the same as testing the following null hypothesis: 8 Arellano and Bond [3] suggest that differenced GMM is more efficient than the Anderson-Hsiao estimator.
In contrast, Kiviet [26] finds that there is no appropriate estimator for all circumstances. Blundell and Bond [7] propose that a system GMM estimator is more efficient than first-differenced IV or GMM estimators, which may suffer from severe small sample bias, because they are weak instruments applied to highly persistent data. Judson and Owen [24] support the LSDVC estimator, based on a Monte Carlo analysis, when N is small or moderately large and T≤30 for a balanced panel data set. In this study, we apply system GMM procedures to estimate slope coefficient and fixed effect estimator, as well as LSDVC for robustness.
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Threshold and Inflation-Growth Trade-off
We use the conditional least-square method for equation (6) to evaluate the potential threshold point. In this stage, we assume that only initial income is a predetermined regressor, regard the remaining control variables as exogenous, and choose all valid sets of lags as instruments, following Roodman's [30] collapsed-form instruments matrix. In the second stage, we investigate the impact of inflation on economic growth from equation (2), using the GMM method. At this stage, we assume that initial income is a predetermined variable, and that the remaining control variables are exogenous. 9 For the instruments, we consider all available lags of the predetermined variable as instruments for increasing efficiency (see Table 3 ). However, for robustness and to avoid over-fitting instrumented variables, we also considered the current lag of the predetermined variable as an instrument.
Our choices of instruments did not have any significant impact on our main results (see Table 4 , column 3 in appendix A1).
Estimation Results of Threshold Inflation
We employ the conditional least-square method to calculate the threshold level of inflation, with the goal of minimizing RSS in equation (6) , as conditional on any given threshold level. We repeat the procedure for different threshold values from 0.1% to 1.25% (inflation rates are in natural logarithms), with an increment of 0.005%. Figure 2 (see appendix A2)
illustrates how RSS changes with increases in inflation rates. The minimum is reached at 0.735% (converting a log 0.735% to level value we will get 5.43%). [27] identified the threshold as 17.2%. Moreover, we arrived at the same threshold value of about 5.43% (see, Figure 3 in appendix A2) when we extracted the data of four OECD countries (Japan, Israel, Korea, and Turkey), 11 as well as Singapore, from the sample, in order to incorporate motivation one. The effects of inflation on growth were also found to be the same as for the full sample (see Table 3 , column 2 in appendix A1), meaning that inflation impedes GDP growth significantly when it exceeds 5.43%.
Estimation Results for Inflation and Control Variables
Once we had determined the threshold level, we estimated equation (2) to analyze the impact of inflation on growth. (2) are similar to those obtained using all available lags of initial income (see Table 4 , column 3 in appendix A1).
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The results that were obtained for Asian countries in this study differ from existing empirical studies in three important respects. First, the estimated inflation threshold is statistically different and much lower than those found in existing empirical studies investigating non-industrialized countries. We found a threshold level of 5.43%, whereas existing literature offers figures that vary from 8% to 40%. Our low inflation threshold could be explained by our use of the indexation system, which shows that most Asian countries have a moderate or less-than-moderate history of inflation.
Second, the coefficient of inflation above the threshold (ߚ መ ଶ = −1.627) has a plausible sign and is statistically significant at the 1% level. An increase of 1% in the inflation rate reduces the growth rate of GDP per-capita by 1.63%. In contrast, other existing studies, such as that of Drukker et al. [15] , find that while inflation thresholds are statistically significant, the effect of inflation on growth is not significant in any regime.
Finally, in this study, inflation below the threshold was not found to have any significant effect on growth, although it reveals a positive sign(ߚ መ ଵ = 0.043). However, Kremer et al. [27] have detected the negative sign, which is not statistically significant, when inflation is less than the threshold value. Meanwhile, Bick [6] has identified a plausible sign that is significant when inflation below its threshold.
This study also arrived at other interesting findings. First of all, the coefficient of initial income is negative and significant at the 5% level, indicating that rich countries grow slowly, while poor countries grow quickly. Therefore, our results strongly support the concept of conditional convergence. Secondly, coefficient of investment has a plausible sign that is significant at the 1% level. The standard growth model predicts that investment has a positive impact on growth, and suggests that governments of Asian countries can promote economic growth by motivating investment. Thirdly, we found that a positive relationship exists between level of openness and the growth rate of GDP per capita. As such, we recommend that the governments of Asian countries reduce trade barriers in order to increase the health of their economies. Many existing empirical studies have also found an inverse correlation between level of openness and economic growth.
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To ensure consistency in our results, we applied different estimation methods to equation (2), such as the bias-corrected least-square dummy variable (LSDVC) method and the fixed effect (FE) estimation technique (see Table 4 in appendix A1). We found that the impact of inflation on growth was quite similar across different estimation procedures when the inflation rate was above its threshold value. Column 1 of Table 3 and columns 1 and 2
of Table 4 show that the effect of inflation on growth is negative and statistically significant when the rate of inflation exceeds 5.43%. In contrast, inflation does not have any significant effect on growth below its threshold level of 5.43%, which is consistent with our main finding. In addition, the impact of control variables on economic growth changed our results slightly when we used the LSDVC and FE estimation methods (see Table 4 ).
Conclusion and Discussions
In this empirical study, we have examined inflation growth nexus by considering a threshold level of inflation. We used panel data from 32 Asian countries, covering the period from 1980 to 2009. We estimated the potential threshold point and slope co-efficient through the use of the dynamic panel threshold model, which allowed us to include endogenous regressors, in our model's setup, as proposed by Kremer et al. [27] . The sample size was reduced by using the averages of the data for each two years, which smoothed out business cycle fluctuations. Forward orthogonal deviation transformation was applied to remove individual-specific characteristics from the panel setup, as suggested by Arellano and Bover [4] . We applied a conditional least-square technique to estimate the potential threshold point. Once we had determined the threshold for inflation, we estimated covariates by using a GMM procedure for equation (2) .
We observed a nonlinear relationship between inflation and economic growth, implying that when inflation exceeds our detected threshold level of inflation (5.43%, over the long run), that eliminated positive effects and growth is hampered. We also found that higher initial income affects economic growth. In addition, we determined that investment ratio stimulates economic growth. Finally, we found evidence that maintaining a greater level of openness promotes economic growth.
14 Our results, with regard to the effect of the threshold level of inflation on growth, are consistent with existing empirical studies. 13 Inflation was not found to have any significant effect on growth until it reached 5.43%, but after that point, it was found to slow down growth significantly. However, we found that the threshold level of inflation for Asian countries was lower than values found in previous empirical studies of developing countries, which range from 8% to 40%.
The results of this study, with regard to the impact of inflation on economic growth over the long run, are consistent with those arrived at through other estimation methods when inflation is above the threshold. The effect of investment on growth is robust in all cases, whereas the impact of other control variables on growth differs based on the estimation methods involved.
This study is not without its limitations. First, the exclusion of some relevant control variables and inclusion of other less relevant variables in the growth equation may have led to a specification bias, and relevant control variables should have been chosen through the application of an appropriate econometric technique (e.g., Bayesian modeling average).
Second, owing to the exogeneity restriction, under which not only initial income is predetermined, but other control variables may also be endogenous, our estimated coefficient may be biased. Third, our estimate does not imply the causality relationship but only reveals a correlation. Finally, it should be kept in mind that as every country has a different geographic and economic environment, optimum inflation targets may be countryspecific. We regard these limitations as providing direction for further studies.
Overall, our empirical solution could be of use in providing policy guidance to policymakers. Policy-makers in Asian countries need to consider a maximum rate of 5.43% as an inflation target for maintaining economic stability. Economic growth can also be enhanced by reducing trade barriers and motivating investment. Note: This table describes the system GMM results of equation (2), using all available lags of the predetermined variable as instruments. Results 1, and 2 were obtained by assuming that only initial income is predetermined and all other regressors are exogenous variables for the full sample (32 Asian countries), and sample of 27 countries (the full sample minus four OECD countries and Singapore) respectively. Result 3 was estimated by assuming that all explanatory variables are predetermined regressors for the full sample. Robust t-statistics are given in the parenthesis, and ***/**/* denotes that the variables are statistically significant at 1%, 5%, and 10%, respectively. Note: These results have been obtained by using the FE, LSDVC, and system GMM methods. For GMM estimation, we used only the current lag of the initial income as an instrument. Robust t (for results 4 & 6) and ‫ݖ‬ (for results 5) statistics are in parenthesis and ***/**/* denotes that the variables are statistically significant at 1%, 5%, and 10%, respectively. 
